suMMARY In order to define the relation between chest x-ray findings and the level of pulmonary artery wedge pressure in patients with chronic congestive cardiomyopathy, 82 patients had chest radiographs before undergoing 92 haemodynamic studies. The studies were divided into three groups according to the level of pulmonary artery wedge pressure (PAWP) (group 1: < 15 mmHg, group 2: 15 to 24 mmHg, group 3: >25 mmHg.
A rise in left ventricular diastolic and pulmonary artery wedge pressures is a characteristic haemodynamic finding in patients with chronic congestive cardiomyopathy. However, the magnitude of the rise in pulmonary artery wedge pressure may vary widely in such patients; and, in a few, it may even be normal. Accurate determination of the level of pulmonary venous hypertension in these patients is useful for the choice of appropriate treatment, particularly for the choice of vasodilator agents which are now widely used for treatment of chronic congestive heart failure.1-4 At present, invasive haemodynamic monitoring is most commonly used to assess the severity of pulmonary venous hypertension in these patients. An accurate noninvasive method for the prediction of pulmonary artery the University of California, San Francisco, between January 1975 and January 1979, were evaluated for eligibility in the study. Patients were accepted into the study if they met the following criteria: (1) symptoms of heart failure of more than one month's duration; (2) a standard posteroanterior and lateral chest radiograph performed within 72 hours before haemodynamic evaluation; (3) a stable clinical status without change in symptomatology or therapeutic regimen during the interval between radiological and haemodynamic assessment. Patients with valvular or congenital heart disease or hypertrophic cardiomyopathy were excluded from the study. Of a total of 128 patients, 56 met the above criteria. Thirty-eight patients undergoing 46 haemodynamic studies were evaluated retrospectively. Eighteen patients undergoing 20 studies were then evaluated prospectively. An additional 26 patients without symptoms of heart failure who underwent right heart catheterisation during the course of evaluation for chest pain syndromes served as a control group. Twenty were evaluated retrospectively and six prospectively. Thus, the retrospective group consisted of 24 Bivariate linear regression and stepwise multiple linear regression analysis were also used to relate the radiological data to the haemodynamics (Fig. 4) . The stepwise regression program evaluated all the variables presented to it and selected only those radiological variables which contributed independently to a significant degree to the prediction of pulmonary artery wedge pressure. Multiple correlation coefficients (r), fraction of variance explained (R2), levels of significance for each variable and the overall regression, and standardised regression coefficients were obtained at each step. The latter are normalised values which take into account the different units and variances of the variables.
Results

INTRAOBSERVER VARIABILITY
Analysis of intraobserver variability showed that interpretation of the chest radiographs was highly consistent, except for the assessment of hilar and pulmonary artery size. The initial mean cardiothoracic ratio of the 20 radiographs read twice was 0-58 ±0-11 (± 1SD) and the subsequent value 0-58±0 10. All paired cardiothoracic ratios were consistent to 2 per cent except two pairs which were accurate to 6 and 5 per cent of one another. Paired in the assessment of pulmonary artery and hilar size, these two radiological variables were excluded from the analysis relating the chest radiographic findings to pulmonary artery wedge pressure. All the other chest x-ray indices described above form the bases for the subsequent results. Heart size alone, as estimated by cardiothoracic ratio, correlated well with pulmonary artery wedge pressure (r=0-70). However, the 95 per cent confidence limits were wide, making the prediction of an individual patient's pulmonary artery wedge pressure somewhat uncertain. This difficulty is illustrated in Fig. 1 
Prospective results
In order to test the validity of the derived stepwise linear regression formula, the formula was then applied to the radiological data of the studies obtained prospectively. The formula was used to derive predicted pulmonary artery wedge pressures from the prospective radiological data. The predicted pressures were then correlated with actual pressures. The results are plotted in Fig. 4 . The correlation is excellent, with r=0-82, a value similar to that obtained from the retrospective data.
Discussion
Previous investigations documented the value of the chest radiographic findings of pulmonary venous flow redistribution, interstitial oedema, alveolar oedema, and pulmonary arterial enlargement in the noninvasive estimation of the haemodynamics in patients with rheumatic mitral valvular disease. 5 7 8 12-14 19 20 Indeed, Milne"3 synthesised the available data and presented specific radiological criteria for the estimation of both mean pulmonary artery and pulmonary artery wedge pressures in patients with mitral stenosis.
In the present study an attempt was made to evaluate the predictive value of various radiological findings for the estimation of pulmonary venous pressure in patients with chronic congestive heart failure who did not have valvular heart disease. Our findings document that the presence of most chest radiographic abnormalities in patients with chronic congestive cardiomyopathy and ischaemic cardiomyopathy indicates raised pulmonary artery wedge pressure ( Fig. 1 to 3 ). Alveolar oedema was conspicuously absent in patients with normal pulmonary artery wedge pressure. Left atrial and right ventricular enlargement also occurred rarely (< 10%) when pulmonary venous pressure was normal. The only radiological abnormality common despite a normal pulmonary artery wedge pressure was left ventricular enlargement (27% of group 1 studies). This finding may reflect the nature of our control patients: many had prior myocardial infarction and/or hypertension.
Our observations in patients with chronic congestive cardiomyopathy are at variance with those in patients with acute heart failure secondary to myocardial infarction as reported by Kostuk et al. 2' who showed that in the setting of acute myocardial infarction, the chest radiograph predicted accurately the pulmonary artery wedge pressure in only 43 per cent of patients, underestimated it in 24 per cent, and overestimated it in 33 per cent. We found that radiographic analysis in chronic heart failure rarely overestimated pulmonary artery wedge pressure. Rapidly changing haemodynamics in patients with acute myocardial infarction may account for this discrepant result.
Although the presence of "fluid abnormalities" in patients with chronic congestive heart failure in our study was useful to separate patients with normal pulmonary artery wedge pressure from those with raised pulmonary artery wedge pressure, the findings did not help in distinguishing patients with moderate increases in pulmonary artery wedge pressure (group 2) from those with severe increases (group 3) (Fig. 2) . Our findings differ from those of Turner et al.11 who estimated pulmonary haemodynamics from the chest radiographic analysis of fluid abnormalities and pulmonary arterial size. However, in their study haemodynamic and radiological correlations are not presented other than several individual cases, and the patient population is not identified. Moreover, in our study we have shown, as have others previously,9 that the radiological estimation of pulmonary size may be in error.
Of the fluid abnormalities, alveolar oedema was the most specific predictor of a raised pulmonary artery wedge pressure in our study. No group 1 patient had alveolar oedema. Yet alveolar oedema was also uncommon, despite severe increases in pulmonary artery wedge pressure.'8 Some authors" 15 have suggested that transudation of oedema into the alveoli does not occur until the pulmonary artery wedge pressure reaches 30 to 35 mmHg. Of our studies in which pulmonary artery wedge pressure was at least 30 mmHg, alveolar oedema was present in 30 per cent. One possible explanation for infrequent pulmonary oedema despite severe rises in pulmonary venous pressure is that, during chronic heart failure, lymphatic hypertrophy and hyperplasia and changes in the pulmonary interstitium allow for a more efficient removal of oedema from the lungs than in acute heart failure. 22 Cardiomegaly as assessed by cardiothoracic ratio proved to be the single most important predictor of pulmonary artery wedge pressure in our study (Fig. 1) Although in the present study cardiothoracic ratio correlated best with pulmonary artery wedge pressure (r=0-70), the accuracy of the ratio in predicting the level of increase in pulmonary artery wedge pressure in individual patients was low. In many patients the cardiothoracic ratio could not be used to estimate the pulmonary artery wedge pressure with enough precision to be clinically useful.
The present study indicates that a combination of radiological variables might more accurately predict the level of pulmonary artery wedge pressure. The stepwise multiple linear regression formula, using the variables cardiothoracic ratio, alveolar oedema, interstitial oedema, and left atrial size, predicted pulmonary capillary wedge pressure fairly accurately in patients with ischaemic as well as congestive cardiomyopathy (r-=082). The regression equation derived from the retrospective data was used prospectively to estimate pulmonary artery wedge pressure in 26 studies, and a close estimation of pulmonary artery wedge pressure was possible in most patients (r=0-82). It needs to be emphasised, however, that the slope of the regression line in the prospective evaluation was 0 79, indicating that the radiological findings tended to underestimate the pulmonary artery wedge pressure to some extent (Fig. 4) . This is not surprising given that alveolar oedema occurred infrequently, yet was the second most important predictor for raised pulmonary artery wedge pressure in our study. Fig. 5 illustrates the difficulty that exists in the radiological estimation of the pulmonary haemodynamics in patients with chronic congestive cardiomyopathy. The two patients whose x-rays are shown in Fig. 5 underestimates the true pulmonary artery wedge pressure, though it is still grossly abnornal.
In conclusion, our study has shown that, though chest radiographic abnormalities are helpful to identify the presence of raised pulmonary venous pressure in patients with ischaemic and congestive cardiomyopathy, the prediction of the level of pulmonary venous pressure from any single radiological variable is not possible. Multiple stepwise linear regression analysis improves the predictive value of the radiological variables for the estimation of pulmonary artery wedge pressure. A prospective study involving a much larger group of patients will be needed to evaluate further the value of the regression analysis for the estimation of pulmonary artery wedge pressure in these patients. 
